Cervical spondylotic amyotrophy is a rare clinical condition. The purpose of this study was to investigate the effects of anterior decompression in patients with unilateral upper-extremity amyotrophy caused by cervical spondylosis. The authors retrospectively analyzed the records of 31 patients (23 men and 8 women) who underwent anterior decompressive surgery for cervical spondylotic amyotrophy at the authors' institution between 2000 and 2011. Demographic characteristics, pre-and postoperative results of imaging studies, and postoperative muscle power improvement were reviewed at a mean follow-up of 22.2 months (range, 14-36 months). Patients were divided into proximal (n521) and distal (n510) types according to the most severely atrophic muscle, and the 2 groups were compared statistically. The most commonly affected intervertebral level in proximal-type patients was C4-C5, whereas that in distal-type patients was C5-C6. Impingements against the ventral nerve root and anterior horn were observed in 22 and 25 cases, respectively, with 16 cases having both impingements. Eighty-one percent of proximal-type patients gained 1 or more grades of muscle power improvement on manual muscle testing, whereas 40% of distal-type patients improved. Within 15 postoperative days, 57% of proximal-type patients attained subjective or objective improvement of muscle power, whereas all distal-type patients failed to improve. Anterior decompression was effective for most patients with unilateral cervical spondylotic amyotrophy, although postoperative muscle power improvement in distal-type patients was inferior to that in proximal-type patients. Furthermore, compared with the proximal type, the distal type showed a slower postoperative recovery. University, No. 139 Ziqiang Rd, Shijiazhuang, Hebei, 050051, China (shenyongspine@yahoo.com). doi: 10.3928/01477447-20121120-26 Upper-extremity muscle atrophy caused by cervical spondylosis is generally classified into 2 subgroups according to the most predominantly affected muscles: proximaltype cervical spondylotic amyotrophy (ie, scapular, deltoid, and biceps muscles) and distal-type cervical spondylotic amyotrophy (ie, triceps, forearm, and hand intrinsic muscles).
Figure:
Sagittal T2-weighted magnetic resonance image showing cord compression at the C4-C5 space in a 46-year-old man with right deltoid muscle atrophy who gradually lost the ability to abduct his right arm over a 9-month period (A). Postoperative sagittal T2-weighted magnetic resonance image showing release of spinal cord compression at the C4-C5 level (B).
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C ervical spondylosis often manifests with myelopathy and radiculopathy; however, in rare cases, it causes muscle weakness and atrophy in the upper extremities without significant sensory deficits or myelopathy. [1] [2] [3] [4] [5] This phenomenon was first reported by Keegan 2 as "dissociated motor loss in the upper extremities with cervical spondylosis." In 1975, Sobue et al 3 named this condition cervical spondylotic amyotrophy, and many reports of this syndrome followed. 1, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Upper-extremity muscle atrophy caused by cervical spondylosis is generally classified into 2 subgroups according to the most predominantly affected muscles: proximaltype cervical spondylotic amyotrophy (ie, scapular, deltoid, and biceps muscles) and distal-type cervical spondylotic amyotrophy (ie, triceps, forearm, and hand intrinsic muscles). 3, 8 The signs and symptoms of cervical spondylotic amyotrophy usually show an insidious dissociated motor loss, typically without sensory disturbance and spastic paralysis. 1, 3 Transient radicular pain in the upper extremity sometimes appears, and hyperreflexia in the lower extremities is also seen. 1, 3 It is usually reported as a unilateral disorder and occasionally presents as a bilateral disorder. 9 Both types occur predominantly in men in middle to old age. The diagnosis of cervical spondylotic amyotrophy is based primarily on clinical manifestations, radiological findings, such as computed tomography (CT) myelography or magnetic resonance imaging [MRI], electromyography, nerve conduction testing, and segmental spinal cord-evoked potentials.
However, not all patients diagnosed with cervical spondylotic amyotrophy benefit from surgery. [11] [12] [13] [14] [15] [16] [17] Therefore, awareness is lacking about cervical spondylotic amyotrophy, and surgical procedures and outcomes have not been well understood.
This article describes 31 patients with cervical spondylotic amyotrophy who underwent cervical surgery at the authors' institution to clarify the efficacy of anterior decompression for this amyotrophy. The method of anterior decompression focusing on the affected side was primarily studied.
Materials and Methods
A total of 31 patients (23 men and 8 women) who had sustained progressive muscular atrophy with minimal sensation loss between March 2000 and June 2011 were enrolled in the study. Mean patient age at surgery was 56.8 years (range, 38-70 years), and mean disease duration from presentation of symptoms was 13.7 months (range, 1-48 months). No patient had an associated disorder, such as motor neuron disease, muscular dystrophy, collagen disease, or torn rotator cuff lesions. Patients with ossification of the posterior longitudinal ligament of the cervical spine and developmental cervical canal stenosis were also excluded. Each patient underwent surgery at the authors' institution. Failure to respond to conservative treatment and a definite diagnosis of cervical spondylotic amyotrophy were indications for surgery. Neurological and radiological follow-up averaged 22.2 months (range, 14-36 months).
surgical technique
All surgeries were performed by a single surgeon (Y.S.). Cervical spine anterior decompression was performed on every patient, even patients who sustained 3-level ventral cord compressions. Under general anesthesia, the affected disks were exposed using a right-sided anterolateral approach. Decompression was accomplished with the aid of a highspeed bur (1 mm in diameter), a narrow osteotome, and a micro-Kerrison rongeur (2 mm wide, 1 mm thick) to remove the herniated disks, posterior cortices of the vertebrae, endplates, and posterior longitudinal ligament. In each patient, the decompression range was expanded to the affected side to excise the posterolateral cord compression lesion.
If preoperative imaging studies revealed foraminal stenosis due to an uncovertebral osteophyte, additional osteophytectomy was performed. During resection of the uncovertebral osteophyte, a small curette was used to clip the compressive osteophyte until the intervertebral foramen was widened, but it was not decompressed far laterally to avoid injury to the cervical nerve root and vertebral artery. 22 Finally, a cervical cage filled with autologous bone grains was inserted into the intervertebral space to obtain firm interfusion and kyphosis correction.
Assessment of Muscle Power Improvement
Patients were divided into 2 groups according to the most severely atrophic muscle: 21 were proximal type and 10 were distal type. Pre-and postoperative muscle power was evaluated using manual muscle testing. Improvements in muscle power of the most severely atrophic muscle were classified as 4 grades: excellent (more than 2 grades of recovery on manual muscle testing), good (1 grade of improvement on manual muscle testing), fair (no improvement on manual muscle testing), and poor (worsening on manual muscle testing). If patients had a postoperative period of no subjective or objective improvement in muscle power, it was recorded as a silent period.
Imaging Studies
Imaging studies were conducted with plain radiographs (neutral, flexion, and extension views), CT, and MRI. The presence of impingement of the anterior horn or ventral nerve root, signal intensity change in the spinal cord, foraminal size, and affected intervertebral levels were evaluated in each patient. Immediately postoperative plain radiographs were obtained to confirm the position of the graft. At follow-up, plain radiographs and CT scans of the cervical spine were obtained to confirm the graft fusion. Removal of the cord compressive lesions was observed on postoperative MRI.
Statistical Analysis
Differences between proximal type and distal type were examined for statistical significance using the unpaired t test, chisquare test, and Mann-Whitney U test. A P value less than .05 was considered statistically significant. All statistical analyses were performed using SPSS version 15.0 software (SPSS, Inc, Chicago, Illinois).
results
Clinical Features and Radiographic Findings
Proximal-type patients primarily had impingement lesions at the C4-C5 intervertebral level, followed by C5-C6 and C3-4, whereas distal-type patients primarily had impingement lesions at C5-C6 followed by C6-7 and C4-C5. Impingements against the anterior horn on T2-weighted axial MRI were observed in 25 patients, among which 12 patients had a T2 highintensity zone in the cervical cord at the affected levels. However, 22 patients had impingements against the ventral nerve root by preoperative MRI or CT. Of these 22 patients, 15 had symptomatic uncovertebral osteophytes and underwent additional osteophytectomy. In addition, 16 patients had impingements against the ventral nerve root and anterior horn. Impingements of the anterior horn were observed in 9 (90%) distal-type patients and 16 (76%) proximal-type patients. Impingement against the ventral nerve root was found in 1 distal-type patient. T2-weighted sagittal MRI showed that 13 patients had impingement lesions involving 2 or 3 intervertebral levels. More affected intervertebral levels were of the distal type than the proximal type (P,.05). Postoperative MRI revealed that the spinal cord was unobstructed anteriorly, and all patients demonstrated bone fusion within 3 to 6 months. During follow-up, no loosening or breakage of the internal fixation was noted. Figures 1 and  2 show examples of the 2 types. Table 1 shows patient characteristics between the proximal and distal types. Compared with the distal type, the proximal type comprised a greater number of patients, had a shorter preoperative peri- 
Differences and Response to Treatment
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od, exhibited significantly fewer affected intervertebral levels, and was less likely to have a T2 high-intensity zone on MRI. Regarding improvement of the most atrophic muscle on manual muscle testing, 10 proximal-type patients were graded excellent, 7 were good, and 4 were fair, and 1 distal-type patient was graded excellent, 3 were good, and 6 were fair. The improvement rate was 81% and 40%, respectively. Postoperative muscle power improvement in proximal-type patients was superior to that in distal-type patients (P,.05).
Furthermore, the silent period was classified into 3 ranges: fewer than 15 days, 15 to 30 days, and more than 30 days. Fifty-seven percent of proximaltype patients and 0% of distal-type patients attained subjective or objective improvement in muscle strength within 15 days postoperatively. Compared with the proximal type, the distal type showed a slower postoperative recovery (P,.05).
discussion
Syndromes with upper-extremity weakness and atrophy in patients with cervical spondylosis have been documented.
1-4,6-21 However, the exact pathogenesis of cervical spondylotic amyotrophy is unclear, and 2 mechanisms have been proposed. proposed that dynamic cord compression due to movement of the cervical spine may be a cause of multisegmental damage to the anterior horns. The presence of an intramedullary high-signal intensity area on MRI in patients with cervical spondylotic amyotrophy may be evidence of an intrinsic cord lesion.
5,10,23 Shinomiya et al 18 proposed that impingement against the vental nerve root and anterior horn may cause cervical spondylotic amyotrophy.
Previous reports of cervical spondylotic amyotrophy mainly focused on the proximal type of muscular atrophy. 2, 10, 11, 18 Few authors reported the distal type of cervical spondylotic amyotrophy. 12, 13 The distal type occurs less frequently than the proximal type. In the current study, results indicated that patients with the distal type were more likely to have anterior horn compression with or without ventral nerve root involvement. Fujiwara et al 14 reported that outcomes in patients with impingement against the anterior horn or both the anterior horn and ventral nerve root were inferior to those with impingement of the ventral nerve root. Therefore, it is important to distinguish cord compressive lesions on MRI when making decisions about the treatment strategy. In the current study, multisegmental involvement occurred more frequently in distal-type patients than in proximal-type patients. Uchida et al 15 reported that the distal type showed a greater number of involved vertebrae causing cord compression.
Most significantly, the current study's findings suggest that the response to surgery was different between the 2 types of cervical spondylotic amyotrophy. The muscle power improvement rate in distal-type patients was lower than that in proximal-type patients. This result was consistent with those of other studies. 14, 15 However, compared with the proximal type, the distal type had a slower postoperative recovery and was characterized by a longer postoperative silent period. To the authors' knowledge, this is the first report to demonstrate a significantly different recovery speed between the 2 types. A literature review revealed 2 possible reasons for the distinct surgical outcomes. 14, 19 The spinal cord, including the anterior horn, is less able to regenerate compared with the ventral nerve root. This may explain the difference because distal-type patients are more likely to have impingement against the anterior horn compared with proximal-type patients. The other possible reason is the longer distance from the cervical cord to the muscles in the distal type than in the proximal type. The authors speculate that more cervical segment involvement in the distal type may result in a poor prognosis.
The clinical features of cervical spondylotic amyotrophy resemble motor neuron disease, such as amyotrophic lateral sclerosis. Furthermore, cervical spondylosis and amyotrophic lateral sclerosis can present in the same patient. 24 It may be difficult to distinguish cervical spondylotic amyotrophy from amyotrophic lateral sclerosis, especially in the early stage of amyotrophic lateral sclerosis. 25 Cervical spondylotic amyotrophy is clinically characterized by limited segmental muscle atrophy and weakness accompanied by neurogenic electromyographic changes of corresponding segments, but these changes are not as diffuse as those of amyotrophic lateral sclerosis. Electromyographic recordings of the sternocleidomastoid, thoracic paravertebral muscles, and lowerlimb muscles should be performed to avoid a misdiagnosis of cervical spondylotic amyotrophy. 14, 15, 19, 24, 25 The treatment of cervical spondylotic amyotrophy is controversial. Conservative treatments, such as continuous cervical traction, seem effective, but complete resolution cannot be expected. Moreover, information is limited to the proximal type of cervical spondylotic amyotrophy; the distal type has been rarely investigated. Inui et al 20 recently demonstrated that age younger than 50 years, duration of disease less than 6 months, presence of 1-level stenosis and foraminal stenosis, and a good response to traction indicated a desirable outcome of conservative treatment. However, Uchida et al 15 reported that surgical treatment for cervical spondylotic amyotrophy required urgent action. In their study, a close association existed between disease duration and muscle power improvement in both subgroups. Surgical procedures, such as cervical anterior decompression and fusion or laminoplasty with or without foraminotomy, have been advocated. [11] [12] [13] [14] [15] [16] [17] No significant difference exists in postoperative muscle power improvement between the 2 surgical procedures ( Table 2) .
The current study suggests that decompression should be especially focused on the paramedial to lateral area. Intentionally deviated vertebrotomy to the affected side obtained effective decompression of the anterolateral cervical cord and the nerve root. For 15 patients in the study, uncovertebral osteophytic formation caused significant ventral nerve root impingement, making resection of symptomatic uncovertebral osteophytes necessary. The surgeon did not excessively manipulate far laterally to pursue complete decompression because cervical cages widened the intervertebral disk space and indirectly widened the intervertebral foraminal space, providing immediate strong anterior interbody fusion. Anterior decompression has the advantage of leaving the ventral cord compressive lesion and should be advocated. In this study, the surgical strategy of anterior decompression and fusion being used in patients with a lesion involving 2 or 3 intervertebral levels seemed favorable because canal stenosis was absent; 7 (54%) patients obtained excellent or good results. Uchida et al 15 reported that, in the presence of canal stenosis, posterior decompression should be indicated for patients with a lesion involving more than 2 intervertebral levels. Although the surgical methods used for patients with cervical spondylotic amyotrophy are controversial, anterior decom- pression is preferred unless it is dangerous to eliminate the ventral cord compression.
conclusion
In the absence of cervical canal stenosis, anterior decompression was an effective method for patients with unilateral cervical spondylotic amyotrophy, even if 2 or 3 intervertebral levels were involved. Postoperative improvement in manual muscle testing in distal-type patients was inferior to that in proximal-type patients. Moreover, compared with the proximal type, the distal type had a slower postoperative recovery.
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